Regulatory T (Treg) cells that express the transcription factor FoxP3 play a key role in self-tolerance and the control of inflammation. In mice and humans, there is a wide interindividual range in Treg frequency, but little is known about the underlying genetic or epigenetic mechanisms. We explored this issue in inbred strains of mice, with a special focus on the low proportion of Treg cells found in NZW mice. Mixed bone marrow chimera experiments showed this paucity to be intrinsic to NZW Treg cells, a dearth that could be tied to poor stability of the Treg pool and of FoxP3 expression. This instability was not a consequence of differential epigenetic marks, because Treg-specific CpG hypomethylation profiles at the Foxp3 locus were similar in all strains tested. It was also unrelated to the high expression of IFN signature genes in NZW, as shown by intercross to mice with an Ifnar1 knockout. NZW Tregs were less sensitive to limiting doses of trophic cytokines, IL-2 and -33, for population homeostasis and for maintenance of FoxP3 expression. Gene-expression profiles highlighted specific differences in the transcriptome of NZW Tregs compared with those of other strains, but no single defect could obviously account for the instability. Rather, NZW Tregs showed a general up-regulation of transcripts normally repressed in Treg cells, and we speculate that this network-level bias may account for NZW Treg instability.
Regulatory T (Treg) cells that express the transcription factor FoxP3 play a key role in self-tolerance and the control of inflammation. In mice and humans, there is a wide interindividual range in Treg frequency, but little is known about the underlying genetic or epigenetic mechanisms. We explored this issue in inbred strains of mice, with a special focus on the low proportion of Treg cells found in NZW mice. Mixed bone marrow chimera experiments showed this paucity to be intrinsic to NZW Treg cells, a dearth that could be tied to poor stability of the Treg pool and of FoxP3 expression. This instability was not a consequence of differential epigenetic marks, because Treg-specific CpG hypomethylation profiles at the Foxp3 locus were similar in all strains tested. It was also unrelated to the high expression of IFN signature genes in NZW, as shown by intercross to mice with an Ifnar1 knockout. NZW Tregs were less sensitive to limiting doses of trophic cytokines, IL-2 and -33, for population homeostasis and for maintenance of FoxP3 expression. Gene-expression profiles highlighted specific differences in the transcriptome of NZW Tregs compared with those of other strains, but no single defect could obviously account for the instability. Rather, NZW Tregs showed a general up-regulation of transcripts normally repressed in Treg cells, and we speculate that this network-level bias may account for NZW Treg instability. + T regulatory (Treg) cells help maintain lymphoid homeostasis in many immunological contexts: tolerance to self vs. autoimmune deviation, fetal-maternal tolerance, allergy, responses to pathogens, and interactions with commensal microbes (1) (2) (3) . Their importance is highlighted by the devastating multiorgan inflammation of FoxP3-deficient scurfy mice or immunodysregulation polyendocrinopathy enteropathy X-linked (IPEX) patients (4) . In addition, Treg cells partake in extraimmune regulatory activities (3) . In keeping with these pleiotropic roles, several pathways and molecular mediators partake in Treg cell function, involving cell-cell interactions, soluble cytokines, or small-molecule mediators (5, 6) . A number of phenotypic variants of FoxP3 + T cells have been described, with different effector functions and tissue localizations (7) . Treg cells share a common transcriptional program that distinguishes them from "conventional" CD4 + (Tconv) cells (8, 9) , of which different facets are controlled by FoxP3 interaction with several transcriptional cofactors, and FoxP3-dependent and -independent chromatin modifications (10) .
Treg cells are under strong homeostatic control (11, 12) , perhaps made most evident for the rapid amplification that restores, in a matter of days, normal proportions of Treg cells after their acute ablation in mice (13, 14) . Cytokines-IL-2 foremost-are thought to be the main controllers of Treg proportions and numbers (15) (16) (17) (18) (19) (20) (21) (22) , although the relative importance of these controllers varies with location and subphenotype [e.g., the alarmin IL-33 has a more profound role in tissue Tregs (21) (22) (23) ]. Perhaps surprisingly, in light of this apparently tight control, there is a wide range of variation in Treg proportions, with several studies having observed up to fourfold variation in the blood of healthy humans (e.g., refs. [24] [25] [26] . The same variation is observed among inbred mouse strains (27, 28) . It must be said, however, that after many contradictory reports, often from insufficiently powered or confounded studies, there is limited evidence that these Treg variations in blood correlate with autoimmune disease, in humans or in mice.
Beyond the question of homeostatic control of Treg cell numbers and proportion, the phenotypic stability of Treg cells has received much attention (extensively reviewed in ref. 29) . Stability of the suppressive phenotype is important for Treg cells, given their T-cell receptor's (TCR's) propensity to self-reactivity, to avoid their conversion into proinflammatory effectors. Although early reports of large-scale dedifferentiation of Treg cells into Th1/17 effectors were likely artifacts of incompletely tight lineage-tracing systems or of transfer into alymphoid hosts, exposure of Treg cells to conditions of inflammatory stress or deficiency in trophic cytokines destabilizes FoxP3 expression, removing its repression of cytokine and other effector genes. This stability is reinforced at the molecular level by specific demethylation at particular regions of the Foxp3 locus and other key Treg transcripts that correlate with stable expression and by feedback loops involving protein cofactors and miRNAs that act as genetic switches to lock in the core Treg phenotype (30, 31) .
An earlier report highlighted the range of variation in CD25 hi putative Treg cells across a broad range of inbred mouse strains. Here, we expanded on these studies by examining the underlying cellular and molecular underpinnings of these variations, focusing more specifically on the very low proportion of Treg cells found in lymphoid organs of the NZW/LacJ strain. The results point to a disconnect between Treg thymic selection and peripheral maintenance, the latter dominated in this instance by instability intrinsic to Tregs, at the molecular and cellular levels.
Results
FoxP3 Treg Cell Proportions Across Inbred Strains of Mice. After on our earlier screen (27) that showed a wide range of variation in Treg frequencies among inbred strains, we analyzed in more detail a representative panel of five inbred strains harboring the greatest differences: Balb/cByJ, C57BL/6, CBA/J, NOD/Ltj, and NZW/ LacJ (hereafter Balb, B6, CBA, NOD, and NZW). The latter two were chosen for their relevance to autoimmune diseases [autoimmune diabetes (NOD) or contribution to lupus-like disease in the NZWxNZB F1]. Wide differences in proportions of splenic Treg cells were again observed across these inbred strains, with Significance FoxP3 + regulatory T (Treg) cells are essential controllers of immune and autoimmune responses. Their homeostatic balance integrates genetic and environmental inputs, which result in marked interindividual variation in their proportions in mice and humans. The instability of Treg cells and of the lineagedetermining factor FoxP3 observed here in the NZW strain, accompanied by low sensitivity to trophic cytokines and networklevel dysregulation of the Treg transcriptional signature, has implications for our understanding and potential therapeutic handling of Treg-linked disease-autoimmune or neoplastic.
NOD and NZW representing opposite extremes (Fig. 1A, Upper) . In terms of numbers, NOD and Balb mice had large Treg pools in line with their proportions (Fig. S1) . NZW mice had a generally large CD4+ T population, but not the Treg numbers that would be expected. In the thymus, normal profiles of differentiation were observed in all strains, FoxP3 hi cells being found mainly in the CD4 single-positive compartment (Fig. 1A) . The rankings were different when comparing spleen and thymic Tregs, indicating that the size of the splenic Treg pool responds to independent homeostatic cues and that the low proportion of NZW Tregs does not result from biased thymic differentiation. This difference was illustrated by calculating the difference between proportions of thymic and splenic Tregs. There was an expansion in all strains, which was very sharp for Balb but almost absent for NZW (Fig. 1B) .
We analyzed the kinetics of appearance of Treg cells in the spleen during ontogeny. Differences in the proportions of FoxP3 + Tregs within the CD4+ T-cell compartment were already present in 7-d-old mice, although they were further amplified with time. The NZW phenotype was already notable a few days after birth and persisted in adult mice (Fig. 1C) .
We then focused on the NZW phenotype, which may be a model for subclinical Treg deficiency. The relative paucity of Treg cells was present in lymph nodes (LNs), ruling out spleen-specific differences (Fig. 1D) . The Hunter group has recently described an unusually high proportion of Tregs among bone marrow (BM) CD4+ T cells. Interestingly, the relative dearth of Treg cells was absent in the NZW BM. Several groups have described distinct Treg subpopulations in the colonic lamina propria (LP), which differ in their origin, relation to the gut microbiota, and expression of key transcription factors (23, (32) (33) (34) (35) . Treg cells were found in low proportions in the NZW colonic LP (Fig. 1E) , with this drop being marked for RORγ + Helios − Tregs. Thus, NZW mice stand out with their widespread Treg deficit, which spans almost all compartments, with the striking exception of the BM.
Intrinsic Factors Influence Treg Proportions. The low proportion of Treg cells in spleen of NZW mice might reflect genetic differences intrinsic to NZW Treg themselves or alterations in other immunocytes or in stromal cells that support or influence them. To address this issue, we performed mixed BM chimera experiments, using as hosts F1 mice from an intercross between NZW and B6 (or NOD) to avoid rejection across major histocompatibility complex barriers. These F1 mice had Treg proportions intermediate between the two parent strains, confirming a genetic determinism, likely polygenic (Fig. S2 ). The F1 hosts were irradiated and reconstituted with BM cells from NZW and B6 origin, alone or mixed in varying proportions, ranging for 10-90% ( Fig. 2 A, Upper, and B, Upper; similar experiments were performed in the NZWxNOD combination, at a 50/50 ratio only, and results are shown in Fig. 2 A, Lower, and B, Lower). In mice reconstituted with pure BM cells from either parent, the proportion of splenic Treg cells in the resulting CD4+ T-cell pool largely recapitulated that of the parent strains (Fig. 2B , Left). After reconstitution with a mix of parental BM cells, the same differences were observed, even slightly accentuated (Fig. 2B, Right) .
Because the mixed BM chimeras combined stromal and myeloid elements from both parents, reproducing the strain-specific differences in Treg proportions demonstrated that the differences were intrinsic to CD4 + T cells. To determine whether the difference varied with the actual representation of CD4 + T cells from either parent in each chimera, we replotted the mixed-chimera data to relate the chimerism in Treg and Tconv cells (Fig. 2C ), which showed a constant underrepresentation of NZW-derived across all donor proportions. This finding means that the low proportion of Tregs derived from NZW stem cells is not affected by the overall representation of B6 or NZW Tconv cells. The implication is that the different Treg/Tconv proportions were intrinsic to CD4 + T cells, ruling out as an explanation a differential supply of trophic cytokines like IL-2 by Tconv cells or a competition between NZW Tregs for limited homeostatic support. Treg cells, we determined the rate of cell division via short-term bromo-deoxyuridine (BrdU) labeling (Fig. 3A) . Marked proliferation of Treg cells from NZW mice was observed, with approximately threefold more Treg cells actively proliferating than in B6 mice. In contrast, Tconv cells from the two strains divided at similar low rates, indicating that the cell-cycling differences observed in Tregs did not affect the T cells as a whole. To explore the decay of the NZW Treg population, we performed a chase experiment after long-term (5-wk) BrdU labeling (Fig.  3B ). The loss of BrdU + cells after BrdU removal was substantially faster among for NZW than for B6 Tregs (half-life 10.09 and 27.01 d, respectively; Fig. 3B ). Thus, Treg populations appeared less stable in NZW than B6 mice, with a high proliferation rate likely in compensation.
Given this relative instability of Treg cells in NZW mice, we hypothesized that instability in Foxp3 expression might be involved, because sustained FoxP3 is necessary for Treg stability (36) . We compared Foxp3 expression in Treg cells from NZW and B6 mice placed under conditions of limiting trophic cytokines in vitro, which leads to a gradual loss of FoxP3 (37, 38) . Primary Tregs were sorted and cultured with anti-CD3/CD28 stimulation and no or limiting concentrations of IL-2, after which intracellular Foxp3 protein was quantitated by flow cytometry (Fig. 3C) . With low or no IL-2 addition, FoxP3 decreased significantly more in Treg cells from NZW than B6 mice, although the difference disappeared at saturating doses of IL-2 (200 U/mL). Thus, FoxP3 was less stable in NZW than in B6 Tregs under conditions of homeostatic stress.
The stability of FoxP3 expression is associated with DNA hypomethylation at specific CpG-containing regions of the Foxp3 locus, in particular in the CNS2 region, which is important to stabilize FoxP3 expression (38, 39) . We thus analyzed CpG methylation in DNA from Treg and Tconv cells (two independent samples per strain). Methylation frequencies followed published patterns, with strong Treg vs. Tconv differences at several locations (upstream enhancer, CNS2). The patterns were essentially identical for all strains, however, with only minor differences (CNS2 hypomethylation strongest in NOD and an additional hypomethylated site in the 3′ UTR for CBA Tregs) that did not correlate with Treg proportions and were not NZW-specific (Fig. 3D) . 
stability in NZW mice. We investigated how NZW Treg cells expanded in response to IL-7 or -15 (administered as stabilized but active complexes with a specific mAb) or IL-33. IL-15 induced no significant changes, and IL-7 modestly increased the proportions of splenic Treg cells, but similarly in both strains (Fig. 4A) . IL-33 is a member of the IL-1 family of cytokines, and its receptor, IL-33R (a.k.a. ST2), is expressed on a fraction of Treg cells, particularly in nonlymphoid tissue Tregs, the main responders to IL-33 (3). Administration of IL-33 induced a stronger increase in splenic Tregs of B6 mice (Fig. 4A) , and, paradoxically, IL-33R was expressed by more Tregs at baseline in NZW mice, but it was in B6 mice that IL-33R
+ Tregs expanded most robustly in response to IL-33 (Fig. 4B) .
Because IL-2 is the major driver of differentiation and homeostasis of Treg cells, we searched for related perturbations in NZW mice. Injections of low amounts of IL-2 complex (0.125 and 0.25 μg) had less effect on NZW Treg cells relative to B6 (P < 0.001), but at high doses the response was similar in both strains (Fig. 4C) . Injection of low doses of IL-2 into NZW + B6 mixed BM chimeras constructed as above also showed this difference, demonstrating that deficiency in responsiveness to IL-2 was Treg-intrinsic and ruling out the alternative explanation of differential consumption of IL-2 in NZW and B6 mice (Fig. S3) .
Given this lower sensitivity to IL-2, we investigated IL-2 signaling in NZW Tregs. The high-affinity IL-2 receptor (CD25) was expressed at similar levels at the Treg cell surface in B6 and NZW mice (Fig. 1A) . Challenging primary Treg cells in vitro with a range of IL-2 concentrations induced robust and comparable STAT5 phosphorylation in both strains if anything, faster in NZW, demonstrating that the early IL-2 signaling pathway was fully functional in NZW Tregs (Fig. 4D) .
Peculiarities of the NZW Treg Transcriptome. Because intrinsic factors accounted for the dearth of NZW Tregs, they might be reflected in these cells' transcriptome. Gene-expression profiles of splenic Tregs from the five inbred strains were generated. From these data, we fitted a linear model to determine the transcripts whose expression in Tregs uniformly distinguished NZW from the four other inbred strains. This process identified 39 genes [24 overexpressed and 15 underexpressed by twofold in NZW, at a false discovery rate (FDR) of <0.01; Fig. 5 A and B; listed in Table S1 ]. This gene set did not contain transcripts that immediately suggested explanations for the NZW Treg deficit, although we did note a slight underexpression of some members of the Bcl2 family (Bcl2a1a/b/c/d, 0.59-0.66 fold change). The Art2b transcript was also strongly depressed in NZW Tregs, as discussed below.
To refine the candidate selection, we profiled BM Tregs from NZW and B6 mice, given that the NZW Treg deficit was absent in the BM, suggesting that the BM microenvironment somehow corrected a defect observed in the spleen. As illustrated in Fig.  5C , most of the transcripts that distinguished NZW from other strains were not differential between NZW splenic and BM Tregs, with the exception of Xkrx, Gpr124, the Art2a-ps pseudogene, and Grik5. Unfortunately, the known function or ontology of these genes failed to identify a possible connection with Treg viability or homeostasis.
Many of the transcripts overexpressed in NZW Tregs were classic IFN-Responsive Genes (e.g., Ifitm1/2/3, Rsad2, Oas2, etc.). This finding was not surprising given the dysregulation of IFN in human systemic lupus erythematosus (SLE) (41, 42) and in NZW/B lupus model mice (ref. 43 and references therein). Because recent studies have reported Treg modulation by IFN (reviewed in ref. 44) , we hypothesized that overexposure to IFN might account, at least in part, for the NZW Treg phenotype. This possibility was tested by breeding F2 mice from an intercross between NZW and B6 mice carrying a knockout mutation of the key IFN receptor gene, Ifnar1. There was no difference between Ifnar1-proficient and deficient mice (Fig. 5D ), arguing against a major role for IFN in limiting Treg proportions in NZW mice.
Finally, we highlighted the transcripts of the canonical Treg signature over the comparison of NZW vs. B6 splenic Tregs (Fig.  5E ). Although the Treg-up signature was comparably expressed, the Treg-down signature proved to be significantly biased as a whole (124 vs. 38 transcripts, Chisq P = 1.4 × 10 −11 ). These shifts were mostly minor (with most fold changes between 1.3 and 1.5), suggesting that the overexpression of the Treg-down signature as a whole, rather than any specific gene, might account for unstable Treg cells in NZW mice. Indeed, comparing Tregs from NZW spleen and BM (where the defect is not observed) again brought out the overexpression of the Treg-down transcripts, further supporting the connection between misexpression of normally repressed genes and Treg stability.
Discussion
Investigating the origins of variation in Treg frequencies between inbred strains, and the particularly low representation in NZW mice, led to several observations that may be of importance in understanding the similar degree of variation found in humans. First, this low proportion appeared to be mainly intrinsic to Treg cells, reflecting differential stability of the Treg pool and of FoxP3 expression. Second, this instability did not reflect epigenetic instability of FoxP3 expression, but, rather, lower sensitivity to a limiting supply of IL-2 and a general perturbation affecting, at the network level, the core "Treg gene signature" of genes normally repressed in Treg cells.
In NZW mice, the combination of normal thymic Treg frequencies, low proportion in peripheral lymphoid organs, high proliferative rates, and unusually shorter half-lives indicated that these cells are unstable in vivo. Unexpectedly, although low Treg proportions were observed in the main peripheral lymphoid organs and in the colon [which includes Treg populations thought to be both of thymic and peripheral origin (45) against its being a secondary consequence of inflammatory deviation and autoantibodies in the NZW mouse (also supported by the mixed BM chimera results). Instead, one might speculate that an inherent defect in seeding the proper homeostatic niches might be involved. This Treg instability could result from several mechanisms, including unstable expression of Foxp3, which is required to preserve Treg lineage identity. Indeed, we observed heightened Foxp3 instability in NZW Tregs in conditions of limiting IL-2. Importantly, hypomethylation of the Foxp3 locus, and in particular its CNS2 region, was not involved, as might have been envisaged (46, 47) . The methylation pattern at Foxp3 proved remarkably similar between strains. Overall, the NZW defect seemed to affect both Treg cells and FoxP3. Interestingly, NZW Tregs proved less responsive than reference B6 Tregs to IL-2 at limiting doses. This decreased sensitivity was manifest in two different ways: as lower maintenance of Foxp3 expression in cultures in vitro and as a lesser growth effect of IL-2 in vivo. In both, NZW Tregs caught up with B6 Tregs at higher IL-2 doses. Results from mixed BM chimeras argued that defective IL-2 production by NZW Tconv cells could not be responsible for this defect. The initial nodes of the response to IL-2 also seemed normal in NZW Tregs: comparable CD25 at the cell surface, no suggestive coding-region polymorphism in the NZW Il2ra locus, and comparable induction of STAT5 phosphorylation, ruling out defects in IL-2 sensing and/or immediate downstream signaling events. Thus, the defective response to low-dose IL-2 must occur at downstream steps of the signaling pathway and/or along STAT5-independent pathways triggered by IL-2, such as the Akt/ mTOR pathway, known to have a negative impact on Treg cells (48) . A poor integrative response of IL-2-delivered signals in NZW Tregs may be connected to their less effective response to IL-33, despite higher expression of IL-33R.
Overall, the comparative analysis of gene-expression profiles from Treg cells across strains allowed the identification of two subsets of genes specifically overexpressed or underexpressed in NZW mice, wherein we sought to identify putatively causal genesfor instance, those related to cell survival and apoptosis. We found no difference in Mcl1, which encodes an antiapoptotic molecule shown to promote Treg survival (49), or any difference in transcripts from the Sle1a lupus susceptibility region, which the Morel group have found to regulate Treg proportions (50) , albeit by an indirect mechanism involving Tconv and dendritic cells, hence different from the intrinsic defect tracked here. The defective expression of Art2b in NZW Tregs is consistent with previous reports of Art2b inactivity in NZW (51) and is also shared by Tconv cells (www. immgen.org). This difference was intriguing because Art2b partakes in NAD-induced cell death, to which Treg cells are particularly sensitive (52) , but seems unlikely to explain the NZW Treg defect because it goes in the wrong direction: if anything, low Art2b would be expected to protect and stabilize Treg cells [Adriouch et al. showed that NZW T cells are resistant to NAD-induced apoptosis (51)]. We also observed no marked misexpression of proapoptotic or antiapoptotic molecules in NZW Tregs, with perhaps the slight exception of Bcl2a1 family members (reduced to 0.6-0.7 of B6 levels). Finally, the presence of IFN-responsive genes among the NZW-up signature turned out to be a red herring, as revealed by intercrossing the Ifnar1 deficiency.
Instead, we noted that NZW Tregs showed an asymmetric alteration of their Treg signature. Treg-down genes were less repressed in NZW than in B6 Tregs, whereas transcripts of the Tregup signature appeared normal. We thus speculate that a global network effect, disturbing much of the Treg-down signature rather than any one transcript, might account for unstable NZW Treg cells. The causal relationship between this global effect and the low sensitivity to IL-2 could go either way: Tonic IL-2 signals received by Tregs at baseline might be needed to repress the Tregdown signature; alternatively, the low Treg-down gene set may comprise negative feedback elements that dampen IL-2 signals (an element that could further help IL-2 be predominantly sensed by Treg over Tconv cells), and their incomplete suppression in NZW Tregs accounts for less sensitive IL-2 sensing. These possible connections will need to be explored to assess whether these mechanisms and candidates can account for the low Treg frequencies in some humans and how much they partake in the unfolding of autoimmune disease.
Materials and Methods
Mice and Treatments. Mice were maintained as specific pathogen-free at Harvard Medical School (Institutional Animal Care and Use Committee Protocol 02954) or were purchased from The Jackson Laboratory. For BM chimeras, recipient mice were lethally irradiated (10 Gy) 6 h before i.v. transplantation of 5 × 10 6 T-cell-depleted BM cells. Cytokine complexes were formed by mixing the following: recombinant mouse IL-7 (Peprotech) with anti-IL-7 M25 mAb (BioXCell); recombinant mouse IL-15 (Peprotech) with recombinant mouse IL15RαFc (R&D); recombinant mouse IL-2 (Peprotech) with anti-mouse IL-2 JES6-1A12 mAb (BioLegend) (all mixed 20 min at 4°C before i.p. injection). Recombinant murine IL-33 (BioLegend) was injected directly. BrdU was either injected i.p. twice at 3-h intervals or supplied in drinking water (21) .
Flow Cytometry. Cells were isolated from lymphoid organs by mechanical disruption and from colon LP by collagenase/dispase digestion. For phospho-STAT5, cells were fixed [2% (wt/vol) paraformaldehyde, 20 min at room temperature], permeabilized overnight in 90% (vol/vol) methanol, and stained with anti-pStat5 (Tyr-694) (eBiosciences). To evaluate ex vivo FoxP3 stability, flow-sorted Tregs were cultured with anti-CD3/CD28 antibody-coated beads (Life Technologies) and graded amounts of IL-2 for 48 h before FoxP3 quantitation.
Microarray Profiling and Analysis. Treg cells (50,000) were double-sorted and RNA-prepared, and gene profiling was performed on Affymetrix MoGene 1.0 ST microarrays per ImmGen SOP (www.immgen.org), in biological duplicates. Data were analyzed with the Multiplot Studio module from GenePattern. Treg-up and -down signatures have been described (53) . Datasets deposited in the GEO repository, accession no. GSE76265.
Methylation Analysis. Genomic DNA from sorted Treg and Tconv cells was purified and bisulfite-treated (EZ DNA Methylation-Direct Kit; ZYMO) and amplified as described (38) . PCR products were pooled, ligated to Illumina sequencing adaptors, multiplexed, and sequenced (Illumina MiSeq) to ∼250 Kreads per sample.
Statistical Significance. Statistical significance was mostly determined by Student t test (two-tailed, unpaired; *P < 0.05; **P < 0.01; ***P < 0.001).
